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ABSTRACT 

For t h e  f i r s t  and t h i r d  launch months (March and 

May 1972) of the Apollo 1 6  time frame, sun e l e v a t i o n  angles  

f o r  T+24 hour launch o p p o r t u n i t i e s  i n  t h e  d e s i r a b l e  17-18 

degree range are f e a s i b l e ,  s a t i s f y i n g  both contingency dV 

and 210-foot antenna PDI coverage requirements .  

launch month t h e  m i n i m u m  sun e l e v a t i o n  angle  s a t i s f y i n g  con- 

t ingency AV requirements  is  approximately 20’ and t h e  minimum 

sun e l e v a t i o n  angle  s a t i s f y i n g  contingency AV and t h e  210-f t .  

antenna P D I  coverage requirements i s  23.1 O .  

For t h e  second 
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I n t r o d u c t i o n  

Based on c u r r e n t  t r a j e c t o r y  planning f o r  t h e  Apollo 1 6  
mission t o  Descartes, the  LM viewing angle  can be expected t o  
droop t o  20' (from a nominal va lue  of 25') du r ing  the  descent .  
I t  is  d e s i r a b l e  t o  maintain a t  least  a two-degree c l ea rance  
above t h e  s u n l i n e  f o r  adequate v i s i b i l i t y .  This  cond i t ion  re- 
str icts t h e  sun e l e v a t i o n  angle a t  landing  t o  a maximum of  18'. 
On T+24 hour launch o p p o r t u n i t i e s  such a l i m i t  can p l ace  s t r i n g e n t  
performance requirements  on the  s p a c e c r a f t .  

R e s u l t s  

Minimum f e a s i b l e  sun e l e v a t i o n  ang le s  a t  landing  f o r  
the T+24 hour launch o p p o r t u n i t i e s  of t h e  Apollo 1 6  mission were 
determined fo r  a LM approach azimuth of  -90' and launch azimuths 
o f  72, 80 and 100'. The r e s u l t s  are presented  i n  T a b l e  I. I n  
the de termina t ion  of  t h e  minimum sun e l e v a t i o n  angles  achievable  
w i t h i n  t h e  SPS performance requirements ,  LM rescue  AV c a p a b i l i t y  
of  600 f t /sec w a s  t h e  determining f a c t o r .  Sun e l e v a t i o n  ranges 
s a t i s f y i n g  210-ft. antenna PDI coverage requirements  a r e  p re sen ted  
i n  F igu re  1. 

It can be seen from Table I t h a t  on the b a s i s  o f  SPS 
performance, t h e  sun e l e v a t i o n  can be reduced q u i t e  l o w  ($14.5') 
f o r  t h e  f i r s t  and t h i r d  months. However, 210-ft. antenna PDI 
coverage begins  a t  $17' f o r  these months making the 17-18' range 
more desirable. For the  second launch month, however, t h e  mini- 
mum sun e l e v a t i o n  angle  is  20.3' f o r  a 100' launch azimuth and 
approximately 20' f o r  a 96' launch azimuth and i s  o u t s i d e  t h e  
range for  which 210-ft .  antenna PDI coverage i s  p o s s i b l e .  

Discussion and Conclusions 

For t h e  T+24 hour launch o p p o r t u n i t i e s  i n  t h e  f i r s t  and 
t h i r d  months of  t h e  Apollo 1 6  mission to  Descartes, sun e l e v a t i o n  



ang les  o f  17'-18' are feasible s a t i s f y i n g  LM descen t  v i s i b i l i t y  
requirements ,  as w e l l  as contingency AV and 2 1 0 - f t .  antenna PDI 
coverage requirements.  

For t h e  second month t w o  op t ions  may be p o s s i b l e .  The 
minimum sun e l e v a t i o n  va lue  of 20' can be chosen r e s u l t i n g  i n  
no 2 1 0 - f t .  antenna PDI coverage and r e q u i r i n g  mod i f i ca t ions  i n  
t h e  LM descen t  t r a j e c t o r y  t o  achieve a minimum viewing angle  of 
approximately 22'. A l t e rna te ly  t h e  sun e l e v a t i o n  could be in -  
c r eased  t o  23.1' t o  achieve  PDI coverage and t h e  LM d e s c e n t  
t r a j e c t o r y  modified t o  achieve a minimum viewing angle  o f  25'. 

The reduct ion  o f  the  droop i n  the t r a j e c t o r y  may 
r e s u l t  i n  a v a r i a b l e  LPD reading wi th  t i m e  as  -opposed t o  a 
n e a r l y  c o n s t a n t  PDI reading over a l a r g e  p o r t i o n  of t h e  t r a j e c -  
t o r y  f o r  a droop of approximately 5' (Reference 1). Inc reas ing  
t h e  viewing angle  a t  high g a t e  r e s u l t s  i n  g r e a t e r  requi red  AV 
for the descen t ,  reduced v i s i b i l i t y  t i m e  and less redes iqna t ion  
c a p a b i l i t y  (Reference 2 ) .  

2013-RJS-jab 

A t  t a  &men ts 

R. J. S t e r n  
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TABLE 11: MISSION INDEPENDENT AV'S  AND WEIGHT MODEL 

Weather 
LM Rescue Avoidance 

Weight Weight 

Event ( f p s  1 ( l b s  1 ( l b s  1 
AV drop drop 

Launch 0 .  173.5 173.5 

Hybrid maneuver 0 .  0.  0.  

Mid-course correction 23. 385.0 385.0 

L O 1  0 .  67.3 67.3 

D O 1  0 .  649.8 649.8 

CSM c i r c u l a r i z a t i o n  0 .  117.7 117.7 

CSM p lane  change 0 .  288.9 245.7 

LM rescue 0 .  216. 0 .  

Rendezvous 0 .  -170.6 -170.6 

Boot s t r ap  maneuver 0 .  0.  0 .  

T E I  0 .  276.2 194.7 

Weather avoidance burn 0 .  0 .  95.9 

Weather 

SPS Fuel  Usable  = 39,667 39,695 
CSM I n e r t  = 27,245 27,217 
SLA = 4,100 4,100 
LM = 36,312 36,312 

I n j e c t e d  Weight = 107,324 107,324 

LM Rescue  Avoidance 

SPS ISP = 314.4 
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